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Orbiting Earth in the spaceship, 
I saw how beautiful our planet is. 
People, let us preserve and increase this beauty, 
Not destroy it! 




Friederike G. Engel 
Biodiversity is fundamental for the functioning of this planet (Hooper et al. 2005, 
2012, Cardinale et al. 2012) and thus for the survival of humanity. Unfortunately, 
we are experiencing a global biodiversity crisis that could lead to mass extinction 
rate and magnitude within the next centuries (Barnosky et al. 2011, IPCC 2014). 
Surprisingly, the global biodiversity crisis does not appear to lead to species loss 
on the local scale (Vellend et al. 2013, Dornelas et al. 2014, Elahi et al. 2015). 
This is probably due to range expansions and invasions that bring species into 
novel territories (Parmesan and Yohe 2003, Wonham and Carlton 2005, Parmesan 
2006, Byrnes et al. 2007, Dornelas et al. 2014). However, changes in species 
composition, including dominance patterns, are observed on global and local 
scales (Hillebrand et al. 2008, 2017, Magurran 2016, Jones et al. 2017). These 
changes most likely influence ecosystem functions in ways comparable to the 
complete loss of species. Therefore, it is important to consider both species 
richness and species composition when studying the consequences of biodiversity 
loss. Furthermore, today there is a general call to increase our effort to study 
biodiversity effects on ecosystem functioning in more natural settings, to promote 
our understanding of biodiversity effects in real-world ecosystems (Gamfeldt et 
al. 2008, Duffy 2009, Brose and Hillebrand 2016). In practice this means making 
experimental set-ups more complex by for example incorporating heterogeneity 
and natural processes, and thus make them more ecologically relevant. A key 
improvement needed to promote realism in biodiversity ecosystem function 
research is to include dispersal in experimental set-ups, to be able to study both 
local and regional processes. In addition, using species assemblages with natural 
compositions gives more informative results for real ecosystems than using 




Unicellular algae are an integral part of the functioning of marine ecosystems, as 
they build the base of many food webs and turn carbon dioxide into oxygen via 
photosynthesis. Notably, the pelagic unicellular algae (phytoplankton) contribute 
roughly 50% of global primary production (Field et al. 1998), to which the benthic 
microalgae additionally contribute. In intertidal areas, such as the Wadden Sea, 
benthic microalgae are dominated by diatoms and their contribution to total 
primary production can exceed that of the phytoplankton in overlying waters 
(Admiraal et al. 1984, Underwood and Kromkamp 1999). Thus, in these areas, 
they are the main source of primary production and fuel intertidal food webs. 
Benthic microalgae ecology is complex and many scientists have spent entire 
careers investigating these organisms. These studies have revealed that species 
composition, abundance, and biomass production of benthic microalgae on 
intertidal flats is determined by a multitude of factors, including temperature, 
nutrient availability, grazing, salinity, inundation, wave action, and sediment 
grain size (MacIntyre et al. 1996, Underwood and Kromkamp 1999, Sahan et al. 
2007, Weerman et al. 2011a, 2011b, Scholz and Liebezeit 2012). Yet, there is still 
a lack of information on general ecological principals in benthic microalgae, 
because few ecologists use these organisms as model systems in their 
experiments. Due to their importance in coastal areas and their lifestyle 
characteristics (e.g. short generation times, ability to reposition themselves 
actively), however, benthic microalgae, especially diatoms, are ideal study 
organisms for ecological laboratory and field experiments. 
For the work in this thesis, I conducted field and laboratory experiments to 
investigate the impacts of different climate change stressors on biodiversity and 
ecosystem functioning of benthic microalgae. In my experiments, I considered 
multiple spatial (i.e. local and regional communities via dispersal) and temporal 
(i.e. multiple sampling points) scales, as well as multiple components of a 
community (i.e. autotrophic microalgae and heterotrophic bacteria), used natural 
community assemblages, and exposed the communities to natural stressors (i.e. 
warming and mechanical disturbance). With my research, I aimed to shed light on 
the following general questions: (1) Do potential climate change stressors 
influence biodiversity and ecosystem functioning of benthic microalgae? (2) 
Which ecological processes determine the response of microalgae to stressors 
throughout community succession? (3) Does increasing the realism of ecological 
experiments alter the response of benthic microalgae to simulated climate change 
stressors? On the next pages, I summarize the main findings of my thesis.  
CHAPTER 6 
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A. Ecosystem engineers promote benthic microalgae, but the strength of the 
effect depends on scale. 
In Chapter 2, I described results of a study that combined a field experiment with 
transect measurements on the intertidal flat. I found that mussel beds increase 
biomass production and primary productivity of benthic microalgae living in the 
proximity of these structures (Fig. 6.1). In addition, the results showed that scale 
is important for this function: large, established mussel beds that have existed for 
multiple years had a greater positive effect on benthic microalgae than small-scale 
plots that existed for only a few months. Thus, both spatial and temporal scales 
are important for the facilitating effect of ecosystem engineers on primary 
producers.  
 
Fig. 6.1 Ecosystem engineers promote benthic microalgae biomass and productivity 
(Chapter 2). A natural mussel bed promotes microalgae biomass and productivity in its 
vicinity. The addition of mussels to small-scale experimental plots also promotes 
microalgae biomass, however, the effect is smaller than that of the natural mussel bed. 
These results exemplify the importance of ecosystem engineers for the 
functioning of intertidal food webs and productivity of benthic microalgae. With 
their physical structure and biological provisioning, ecosystem engineers strongly 
influence the food-web dynamics and can greatly increase primary production in 
intertidal areas.  
Furthermore, the results have implications for reef restoration and protection, as 
they demonstrate that reef size matters for the facilitation effect of ecosystem 
engineers. In real ecosystems, this means that it may be more beneficial to restore 
or protect a larger cohesive reef in one location, compared to several smaller ones 
in multiple locations.   
DISCUSSION 
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B. The relative importance of local community composition and dispersal for 
biodiversity and ecosystem functioning depends on successional time. 
In Chapter 3, I observed that the importance of different factors influencing 
microalgae diversity, biomass, and the ratio of bacteria to microalgae change with 
successional time. In a laboratory experiment, I discovered that initial local 
community composition was most important in the beginning of successional 
time, whereas dispersal became more important towards the end of the experiment 
(Fig. 6.2).  
 
Fig. 6.2 The effect size of initial community composition (dark dotted line) and dispersal 
(light solid line) changes with successional time (Chapter 3). In the beginning of 
community succession, initial species composition has the strongest effect size, but by 
the end of community succession, dispersal has the strongest effect size. 
This experiment shows that the temporal scale is important in ecological studies, 
because different processes dominate at different times throughout community 
succession. By only measuring the responses at one timepoint, important 
information can be missed and results can be misleading. Of course, like in all 
experiments, usually there is a logistic limitation for obtaining more time 
replicates. If it is not possible to take measurements at multiple timepoints, we 
should at least be aware that these results only capture a snap shot of this 
community and should not be generalized. Creating experiments that represent 
real-world ecosystems better includes being conscious about community 
succession and choosing sampling times deliberately.  
CHAPTER 6 
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C. Dispersal maintains ecosystem functioning of microalgae by preventing 
bacterial dominance. 
In Chapter 3, I also discovered that dispersal can maintain ecosystem functioning 
in a metacommunity by preventing heterotrophic bacteria from gaining 
competitive advantage over microalgae. Dispersal supplied a strong microalgae 
competitor to all local patches which mitigated increasing bacterial superiority 
and maintained high algae biomass. At the same time, within microalgae, 
dispersal decreased diversity by spreading the superior microalgae species into all 
local patches where it became dominant (Fig. 6.3). 
These results exemplify the importance of connectivity (i.e. dispersal) for 
community functioning. Isolated algae communities were quickly taken over by 
bacteria and had reduced ecosystem functioning. Whereas with dispersal, a 
superior competitor could colonize all local patches, successfully compete with 
the bacteria and maintain ecosystem functioning. This has implications for 
conservation: it is important to protect biodiversity and connected habitats to 
ensure that species best suited to certain conditions can reach the habitat.  
The results also show that to mechanistically understand community structure and 
functioning, we need to look at how multiple components of communities are 
affected by the community structuring drivers (in this case dispersal) and how this 
in turn changes interactions among them. In this case, I had a simplified system 
of only two competing groups (i.e. autotrophic microalgae and heterotrophic 
bacteria), but in nature, there will be a multitude more of interactions among the 
levels in a community that can influence overall ecosystem functioning, which 











Fig. 6.3 Dispersal hinders bacteria from outcompeting the microalgae and thus 
maintains ecosystem functioning of the microalgae (Chapter 3). Within microalgae, 
dispersal increases dominance of a superior species that got spread into all local 
patches. However, between microalgae and bacteria, dispersal weakens the dominance 
of bacteria by spreading a strong microalgae competitor and thus prevents bacterial 
dominance. 
 
D. Regional warming increases species turnover, but the effect is only visible 
when considering relevant scales. 
In Chapter 4, I described a laboratory experiment with benthic microalgae 
metacommunities, in which I found that warming increases regional species 
turnover. One heat-tolerant species was promoted by warming and then spread by 
dispersal, until it was dominant in all local communities within a metacommunity. 
The effects on turnover on the local scale strongly depended on initial community 
composition and were not uniform within the different local communities. 
This experiment illustrates the need for considering multiple spatial scales and 
connectivity when analyzing the responses of ecosystems to environmental 
factors (here related to climate change). Due to opposing responses in different 
local patches, there might not be a noticeable overall effect on smaller scales, but 
when looking at patches in the metacommunity context, disturbance events such 
as a heatwave might have strong effects. Analyzing both local and regional 
community processes in ecological experiments creates more realistic scenarios 
that are closer to real-world ecosystems compared to experiments that only 




E.  Decreased biodiversity in response to warming may not be reflected by 
species loss. 
The results of Chapter 4, also provide an example of how the response of species 
diversity and species richness to changing conditions can be fundamentally 
decoupled on ecological time scales. In the experiment both warming and 
dispersal destabilized community composition and decreased species diversity, 
although the number of species in the metacommunity was not decreased, even 
after ca 15 generations (Fig. 6.4). 
 
Fig. 6.4 Warming and dispersal lead to the loss of regional biodiversity, but this is not 
reflected in species richness (Chapter 4). In the isolated, non-heated metacommunity, 
dispersal-limitation leads to a decrease in species richness (dark gray solid line) over 
time, but Shannon diversity (light gray dotted line) remains constant. With dispersal and 
warming, Shannon diversity in the metacommunity decreases due to spread and 
increasing dominance of a heat-tolerant species, but species richness remains constant. 
This has important implications for experimental ecology and conservation 
biology. Since negative effects on biodiversity can manifest themselves in a 
multitude of ways, it is not sufficient to look at species richness when surveying 
ecosystems. We have to consider both the number of species and changes in the 
relative abundance of species when discussing the consequences of biodiversity 
loss for ecosystems. Experiments that run only for a relatively short time might 
not capture negative effects on species richness, because it usually takes much 
longer to actually see changes in richness compared to changes in dominance 
patterns. The solution to this problem is to analyze changes in the relative 




F. Initial species composition determines the effect of disturbance on 
ecosystem functioning. 
In Chapter 5, I presented the results of a 
laboratory experiment in which I exposed 
locally dissimilar benthic microalgae 
communities to different levels of 
disturbance on the metacommunity scale. 
In this experiment I discovered that the 
response of ecosystem functioning in the 
face of disturbance depends on initial 
species composition (Fig. 6.5). Initial 
species composition varied due to 
differences in habitat conditions, among 
them different levels of hydrodynamic 
stress, organic matter content, and sediment 
grain size. The results suggest that previous 
exposure of a local assemblage to 
hydrodynamic stress weakened the 
negative effect of disturbance on biomass, 
mediated by the selected-for community 
composition. 
These results illustrate that species 
identities matter and again highlight the 
importance to not only focus on species 
richness, but also consider other aspects of biodiversity when discussing 
biodiversity loss. Communities that consist of native species adapt to local 
conditions and so are, for example, accustomed to more frequent disturbances of 
the sediment. With future disturbances, the community as a whole will probably 
have higher resistance and resilience compared to previously sheltered 
communities, because their response diversity is geared towards disturbances 
already. 
  
Fig. 6.5 Initial species composition 
determines the effect of disturbance 
on biomass (Chapter 5). 
Communities that were previously 
exposed to higher hydrodynamic 
stress have a higher biomass after 
repeated disturbance events 




G. Dispersal does not mitigate negative effects of disturbance on ecosystem 
functioning. 
In Chapter 5, I did not find support for the 
hypothesis that communities connected by 
dispersal are better able to cope with 
regional disturbances than isolated 
communities. There was no significant 
difference between biomass in the dispersal 
and no-dispersal communities (Fig. 6.6).  
These results indicate that dispersal (i.e. 
habitat connectivity) may not be a default 
solution for maintaining biodiversity in the 
face of system-wide disturbances. 
Dispersal can potentially be very beneficial 
in situations where a local disturbance does 
not affect all patches. However, when a 
global disturbance event takes place, like in 
this study, dispersal may not have a 
positive effect on ecosystem functioning. 
This is important for conservation efforts 
that focus on connectivity or preventing 
habitat fragmentation. The quality of the 
different local patches connected in metacommunities is crucial. Thus, not only 
do we have to make sure that we protect separate habitats that species can disperse 
into, but also that after a disturbance event, there are sufficient patches that were 
not affected by the disturbance so that species can migrate from undisturbed 
patches into the disturbed patches. For global disturbances, such as sea-level rise 
or global warming, this is nearly impossible. For more localized disturbances such 
as severe storms or precipitation events, this is more attainable. 
  
Fig. 6.6 Dispersal does not 
mitigate negative impacts of 
disturbance in a metacommunity 
(Chapter 5). There is no difference 
in biomass of the metacommunities 





In this thesis, I demonstrate that it is important to make ecological experiments 
more realistic. Simplifying too much leads to skewed results that cannot be 
extrapolated to real-world ecosystems. In my experiments, I saw differences in 
results depending on the successional time the samples were taken, the scale that 
was analyzed (local vs. regional, large vs. small, long-term vs. short-term, within 
microalgae vs. microalgae-bacteria), and the measure of biodiversity considered. 
Simplified set-ups are important to detect fundamental principles and confirm 
theories, but they should be extrapolated to bigger scales cautiously and thus have 
limited applicability for real-world problems such as the conservation of actual 
habitats. As a consequence, experimental ecologists should persistently increase 
the realism of their experiments. This includes turning towards natural 
assemblages of species instead of single species or artificial assemblages; 
studying multiple components of a community (i.e. autotrophs and heterotrophs); 
considering multiple spatial scales, which can be achieved by using dispersal in 
the experimental set-up; measuring multiple parts of biodiversity to capture 
changes in both species richness and species composition; and measuring 
responses at multiple time points throughout community succession, as the 
importance of different factors might change with time. Finally, we need to a 
larger extent “field-test” laboratory results by field manipulations and natural 
sampling campaigns before making conclusions about generality and relevance, 
and before making recommendations towards practical conservation. Trade-offs 
are inevitable, but constantly striving towards re-creating realistic scenarios will 





Every experiment matters, just as every piece added to a puzzle clarifies the 
finished picture. The more hands-on data we add to the continuously growing 
scientific literature on ecological principals, the better we will be able to 
understand, predict, and counteract changes in nature. This will be increasingly 
important, as ecosystems on the planet are changing with an unprecedented speed. 
Habitats are destroyed, novel habitats are created. Species need to expand their 
ranges, populations need to adapt to altered conditions, and individuals will have 
to survive new extremes. The evolutionary race is becoming more and more 
skewed and fewer species will have a chance of winning it. Even though nature is 
difficult to predict and nearly impossible to tame, with experiments we can 
increase our understanding of processes and prevent some negative events from 
taking place. Cooperation between different disciplines and using multiple 
methodological approaches simultaneously become crucial, as all humans only 
have this one planet to live on (as of yet). Conclusions derived from experimental 
studies and collaborations are not going to solve all the world’s problems, but they 
might just tip the scale in the right direction. 
 
Science. 
Science is survival.  
Science is worth nothing without integrity. 

































Freedom of thought is best promoted 
by the gradual illumination of men’s minds 
which follows from the advance of science. 
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Because we all share this small planet Earth,  
we have to learn to live in harmony and peace 
with each other and with nature. 
That is not just a dream, but a necessity! 
- Tenzin Gyatso (1989)  
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English Summary 
In this doctoral thesis, I investigated how biodiversity and ecosystem functioning 
of benthic microalgae metacommunities is affected by potential climate change 
stressors. Understanding the dynamics of ecological communities is crucial for 
biodiversity conservation and thus for the protection of our planet. Even though 
many scientists have studied the relationship between biodiversity and ecosystem 
functioning and have generally found that higher biodiversity leads to better 
ecosystem functioning, there is a call for more realism in ecological experiments 
so that the results can be extrapolated to real-world ecosystems. 
In this thesis, I described results from four experiments with increased levels of 
realism in their set-up. In the experiments, I considered dispersal to be able to 
analyze multiple spatial scales (i.e. local and regional communities). I also 
sampled at multiple time points during community succession to have a better 
temporal resolution of the results. In addition, I considered multiple components 
of a community (i.e. autotrophs and heterotrophs) and used natural community 
assemblages or studied the organisms directly in the field. Finally, I analyzed 
multiple aspects of biodiversity, including species richness, evenness, and 
temporal species turnover. 
In Chapter 1, I introduced the reader to important aspects of biodiversity and 
ecosystem functioning research and (meta)community ecology. I also gave an 
introduction to the study organisms, benthic microalgae of intertidal flats, and 
explained what hardships they may face in their environment and under future 
climate change. 
Chapter 2 took the reader directly onto the intertidal flat and thus into the natural 
habitat of these benthic microalgae. I presented results from a field experiment 
and transect sampling that showed that ecosystem engineers facilitate biomass 
production and productivity of benthic microalgae. I also discovered that larger, 
established reefs have stronger effects than small-scale addition plots. Thus, I 
showed that the strength of the facilitating effect of ecosystem engineers depends 
on spatial and temporal scales. 
In Chapter 3, I studied the effects of initial microalgae community composition 
and dispersal on bacterial dominance and microalgae diversity and ecosystem 
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functioning. I found that the importance of initial community composition and 
dispersal for community processes changes with successional time. Consequently, 
I highlighted the importance of high temporal sampling resolution for an accurate 
portrayal of community dynamics. In Chapter 3, I also described that dispersal 
maintains ecosystem functioning of microalgae by mitigating bacterial 
dominance. A strong microalgae competitor was spread into the local 
communities connected by dispersal and successfully competed with bacteria, 
preventing bacterial takeover of the community. These results emphasized the 
importance of considering multiple competing organisms of a community to fully 
understand the effects of community structuring factors. 
In Chapter 4, I tested how an experimental heatwave and dispersal influence 
microalgae diversity. I discovered that regional warming increases species 
turnover and that a decrease in biodiversity may not necessarily be reflected in 
species loss. I observed changes in species dominance patterns independent of 
changes in species richness. These results accentuated the importance of 
considering both local and regional scales to see a net effect on biodiversity 
change and showed that analyzing multiple components of biodiversity to see 
effective changes in community patterns in response to a stressor is crucial.  
In Chapter 5, I examined how initial community composition, dispersal, and a 
mechanical disturbance influence ecosystem functioning of benthic microalgae. I 
detected that initial community composition determines the response of a 
community to the disturbance, and that dispersal does not always mitigate 
negative effects of a disturbance. These results highlighted the importance of 
species identities in a community versus just species richness and also showed 
that habitat connectivity per se is not an insurance against biodiversity loss in the 
face of regional disturbance events. 
Finally, in Chapter 6, I summarized the main findings of my thesis:  
1. Ecosystem engineers promote benthic microalgae, but the strength of the 
effect depends on scale. 
2. The relative importance of local community composition and dispersal for 
biodiversity and ecosystem functioning depends on successional time. 




4. Regional warming increases species turnover, but the effect is only visible 
when considering relevant scales. 
5. Decreased biodiversity in response to warming may not be reflected by 
species loss. 
6. Initial species composition determines the effect of disturbance on ecosystem 
functioning. 
7. Dispersal does not mitigate negative effects of disturbance on ecosystem 
functioning. 
In conclusion, in this doctoral thesis, I showed the importance of increasing 
realism of ecological experiments so that the results can be extrapolated to real-
world ecosystems more reliably. For this, I conducted experiments with benthic 
microalgae that I exposed to potential climate change stressors and documented 
their impact on biodiversity and ecosystem functioning. In my experiments, the 
results differed depending on the scale considered (i.e. temporal, spatial, 
components of a community), on the measure of biodiversity analyzed, and 
notably on initial local community composition. Consequently, increasing realism 
in experimental ecology leads to new insights into community dynamics that can 
help understand real-world ecosystems better and eventually enables us to give 
better recommendations towards practical conservation. 
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Deutsche Zusammenfassung 
In dieser Dissertation habe ich untersucht, wie die Biodiversität und 
Ökosystemfunktionen benthischer Mikroalgen-Metagemeinschaften durch 
potentielle Stressfaktoren, die durch den Klimawandel verursacht werden können, 
beeinflusst werden. Es ist unerlässlich, die Dynamiken von ökologischen 
Gemeinschaften zu verstehen, um die biologische Vielfalt erhalten und somit auch 
unseren Planeten schützen zu können. Wissenschaftler verschiedener Disziplinen 
untersuchen die Zusammenhänge von Biodiversität und Ökosystemfunktionen, 
und grundsätzlich zeigt die Forschung, dass größere Artenvielfalt zu verbesserten 
Ökosystemfunktionen führt. Es gibt jedoch nach wie vor einen großen Bedarf 
danach, diese Zusammenhänge in realistischeren ökologischen Experimenten zu 
testen, aus denen die Ergebnisse auf echte Ökosysteme in der Natur übertragen 
werden können. 
In dieser Dissertation erläuterte ich die Ergebnisse von vier Experimenten, welche 
einen realistischeren Aufbau hatten. In den Experimenten schuf ich durch 
simulierte Ausbreitung mehrere räumliche Größenordnungen und konnte somit 
sowohl lokale als auch regionale Lebensgemeinschaften untersuchen. 
Probennahmen zu mehreren Zeitpunkten der Gemeinschafts-Sukzession 
erlaubten es mir, eine bessere zeitliche Auflösung der Ergebnisse zu erhalten. 
Zusätzlich analysierte ich die Reaktion verschiedener Komponente der 
Gemeinschaft (d.h. autotrophe und heterotrophe Organismen). Eine Verbesserung 
im Vergleich zu herkömmlichen Experimenten war auch, dass ich natürlich 
zusammengesetzte Gemeinschaften untersuchte oder die Organismen direkt im 
Feld erforschte. Schließlich analysierte ich auch diverse Aspekte der 
Artenvielfalt, um sowohl Artenreichtum und Dominanzstrukturen als auch den 
zeitlichen Artenumsatz beschreiben zu können. 
Im 1. Kapitel erklärte ich die wichtigsten Aspekte der Biodiversitäts- und 
Ökosystemfunktionen-Forschung, sowie der Metagemeinschaftsökologie. 
Außerdem stellte ich die Studienorganismen, die in der Gezeitenzone des 
Wattenmeeres lebenden benthischen Mikroalgen, vor und erläuterte, welche 




Im 2. Kapitel führte ich den Leser direkt in die Gezeitenzone des Wattenmeeres 
und somit in den natürlichen Lebensraum der benthischen Mikroalgen. In diesem 
Kapitel präsentierte ich Ergebnisse von einem Feldexperiment in Kombination 
mit Transsekt-Probennahmen. Die Ergebnisse zeigten, dass „Ökosystem-
Ingenieure“ (z.B. Miesmuscheln und Wattwürmer) die Biomassen-Produktion 
und Produktivität der benthischen Mikroalgen fördern. Ich fand außerdem heraus, 
dass größere, etablierte Muschelbänke eine stärkere Auswirkung haben als 
kleinere künstlich angelegte Parzellen mit Muscheln. Daraus folgt, dass die Stärke 
der positiven Auswirkung von Ökosystem-Ingenieuren auf Mikroalgen von 
räumlichen und zeitlichen Maßstäben abhängt. 
In einem Labor Experiment, welches ich im 3. Kapitel beschrieb, untersuchte ich 
die Auswirkungen von Anfangs-Artenzusammensetzung und simulierter 
Ausbreitung der Mikroalgen auf bakterielle Dominanz und Mikroalgen-Diversität 
und -Ökosystemfunktion. Meine Ergebnisse zeigten, dass die Stärke des 
Einflusses von Anfangs-Artenzusammensetzung und simulierter Ausbreitung auf 
Gemeinschafts-Prozesse mit der Zeit wechselt. Daraus folgend wird deutlich, wie 
wichtig eine hohe zeitliche Auflösung der Probennahme ist, um ein realistisches 
Bild der Gemeinschafts-Dynamiken wiederzugeben. Im 3. Kapitel beschrieb ich 
auch, dass die simulierte Ausbreitung einige Ökosystemfunktionen der 
Mikroalgen aufrechterhalten kann, indem sie die Bakterien-Dominanz 
unterdrückt. Ein starker Mikroalgen-Konkurrent wurde in die Gemeinschaften, 
die miteinander verbunden waren, verbreitet. Diese Art hat dann erfolgreich mit 
den Bakterien konkurriert und somit die Übernahme der Gemeinschaft durch 
Bakterien verhindert. Diese Ergebnisse verdeutlichen, wie wichtig es ist, mehrere 
konkurrierende Organismen einer Gemeinschaft zu beachten, um die 
Auswirkungen von gemeinschaftsstrukturierenden Faktoren gänzlich zu 
verstehen. 
Im Labor-Experiment des 4. Kapitels untersuchte ich, wie eine simulierte 
Hitzewelle und Ausbreitung Mikroalgen-Diversität beeinflussen. Ich entdeckte, 
dass regionale Erwärmung den Artenumsatz erhöht und dass die Verminderung 
der Biodiversität nicht unbedingt im Artenverlust reflektiert ist. Stattdessen 
beobachtete ich Veränderungen in Dominanzstrukturen, ohne dass der 
Artenreichtum verändert wurde. Diese Ergebnisse verdeutlichen, wie wichtig das 
Beachten von lokalen und regionalen Größenordnungen ist, um insgesamt 
Veränderungen der Biodiversität einer Gemeinschaft feststellen zu können. 
Außerdem zeigen die Ergebnisse, wie wichtig es ist, mehrere Einheiten der 
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Biodiversität zu analysieren, um Veränderungen in Gemeinschafts-Mustern als 
Reaktion auf Stressfaktoren sehen zu können. 
Im 5. Kapitel untersuchte ich in einem Labor-Experiment inwieweit Anfangs-
Artenzusammensetzung, simulierte Ausbreitung und eine mechanische Störung 
die Ökosystemfunktionen von Mikroalgen beeinflussen. Ich fand heraus, dass die 
Anfangs-Artenzusammensetzung die Reaktion einer Gemeinschaft auf die 
Störung bestimmt und dass Ausbreitung nicht immer die negativen Folgen einer 
Störung vermindern kann. Diese Ergebnisse verdeutlichen, wie wichtig die 
Identität von Arten ist (und nicht nur der Artenreichtum) und zeigen, dass die 
Verknüpfung von lokalen Habitaten per se keine Absicherung gegen den 
Artenverlust in Reaktion auf eine regionale Störung ist. 
Im 6. Kapitel, fasste ich schließlich die wichtigsten Ergebnisse meiner 
Dissertation zusammen: 
1. Ökosystem-Ingenieure fördern benthische Mikroalgen, aber die Stärke der 
Auswirkung hängt von der Größenordnung ab. 
2. Die Wechselwirkung zwischen lokaler Artenzusammensetzung und 
Ausbreitung für Biodiversität und Ökosystemfunktion hängt von 
sukzessiver Zeit ab. 
3. Ausbreitung erhält Ökosystemfunktion der Mikroalgen, indem sie 
bakterielle Dominanz verhindert. 
4. Regionale Erwärmung erhöht den Artenumsatz, aber der Effekt ist nur 
sichtbar, wenn relevante Größenordnungen beachtet werden. 
5. Verminderte Biodiversität als Reaktion auf Erwärmung ist möglicherweise 
nicht im Artenverlust sichtbar. 
6. Anfangs-Artenzusammensetzung bestimmt die Auswirkung von einer 
mechanischen Störung auf Ökosystemfunktionen. 






Alles in allem habe ich in dieser Dissertation gezeigt, wie wichtig es ist, 
ökologische Experimente realistischer zu machen, damit die Ergebnisse 
zuverlässiger auf natürliche Ökosysteme übertragen werden können. Um 
realistischere Ergebnisse zu erhalten, führte ich diverse Experimente mit 
benthischen Mikroalgen durch. Diese setzte ich potentiellen Stressfaktoren aus, 
um dann den Einfluss auf Biodiversität und Ökosystemfunktionen dokumentieren 
zu können. In meinen Experimenten variierten die Ergebnisse je nach 
Größenordnung, die ich einbezog (zeitlich, räumlich, Komponente der 
Gemeinschaft), Art des Biodiversitätsindexes, der analysiert wurde, und 
beachtenswert je nach lokaler Anfangs-Artenzusammensetzung. Letztendlich 
führt mehr Realismus in experimenteller Ökologie zu neuen Einblicken in 
Gemeinschafts-Dynamiken, die uns dabei helfen können, natürliche Ökosysteme 
besser zu verstehen. Dies kann uns schließlich dabei behilflich sein, bessere 
Empfehlungen für den angewandten Naturschutz auszusprechen. 
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In deze PhD thesis heb ik onderzocht hoe de biodiversiteit en het functioneren van 
benthische metagemeenschappen van microalgen in een ecosysteem worden 
beïnvloed door potentiële stressoren van klimaatverandering. Het begrijpen van 
de dynamiek in ecologische gemeenschappen is cruciaal voor het behoud van 
biodiversiteit en dus voor het beschermen van onze planeet. Hoewel vele 
wetenschappers al gekeken hebben naar de relatie tussen biodiversiteit en het 
functioneren van een ecosysteem, en in het algemeen hebben gevonden dat een 
hogere biodiversiteit leidt tot een beter functioneren van het ecosysteem, blijft er 
vraag naar meer realistische ecologische experimenten zodat de resultaten naar 
werkelijk bestaande ecosystemen geëxtrapoleerd kunnen worden. 
In deze thesis heb ik de resultaten beschreven van vier experimenten met 
toenemende mate van realiteit in hun opzet. In de experimenten ging ik er van uit 
dat met verspreiding meerdere ruimtelijke schaalniveaus (i.e. lokale en regionale 
levensgemeenschappen) geanalyseerd kunnen worden. Ik heb ook op 
verschillende tijdstippen bemonsterd tijdens successie van de gemeenschappen 
om tot een betere temporele resolutie van de resultaten te komen. Daar bijkomend 
heb ik meerdere componenten van een gemeenschap (i.e. autotrofe en heterotrofe 
organismen) meegenomen en natuurlijke samenstellingen van gemeenschappen 
gebruikt, of heb ik de organismen direct in het veld bestudeerd. Tenslotte heb ik 
meerdere aspecten van biodiversiteit geanalyseerd, waaronder soortenrijkdom, 
soortgelijkheid en temporele turnover van soorten. 
In hoofdstuk 1 introduceerde ik aan de lezer belangrijke aspecten van het 
onderzoek aan biodiversiteit en het functioneren van ecosystemen en ecologie van 
(meta)gemeenschappen. Verder gaf ik een introductie van de bestudeerde 
organismen, benthische microalgen van het wad, en legde ik uit wat voor stress 






Hoofdstuk 2 nam de lezer mee het wad op en dus naar het natuurlijke habitat van 
deze benthische microalgen. Ik presenteerde resultaten van een veldexperiment 
en bemonstering van transecten waaruit bleek dat ecosystem engineers de 
productie van biomassa en de productiviteit van benthische microalgen 
faciliteren. Tevens ontdekte ik dat grotere, gevestigde riffen sterkere effecten 
hebben dan kleinschalige kunstmatige riffen in plots. Zodoende heb ik laten zien 
dat de mate van facilitatie door ecosystem engineers afhangt van de ruimtelijke 
en temporele schaal. 
In hoofdstuk 3 heb ik de effecten bestudeerd van de initiële samenstelling van 
gemeenschappen van microalgen en verspreiding op de dominantie van bacteriën, 
diversiteit van microalgen en het functioneren van een ecosysteem. Ik ontdekte 
dat het belang van de initiële samenstelling van gemeenschappen en verspreiding 
voor processen in de gemeenschap verandert naarmate de voortschrijding van de 
successie. Als gevolg hiervan benadrukte ik het belang van een hoge, temporele 
resolutie van bemonsteren om zo de dynamieken van de gemeenschappen 
accuraat weer te geven. In hoofdstuk 3 beschreef ik ook dat verspreiding het 
functioneren van microalgen in een ecosysteem onderhoudt door middel van het 
matigen van bacteriële dominantie. Er werd een sterke concurrent van microalgen 
uitgezet in de lokale, door verspreiding verbonden, gemeenschappen en deze 
concurreerde succesvol met de bacteriën. Hierdoor werd voorkomen dat de 
gemeenschap overgenomen werd door bacteriën. Deze resultaten onderstreepten 
dat het belangrijk is dat meerdere concurrerende organismen van een 
gemeenschap worden meegenomen wanneer men de effecten van de factoren die 
de samenstelling van gemeenschappen beïnvloeden in zijn geheel wilt begrijpen.  
In hoofdstuk 4 testte ik hoe een experimentele hittegolf en verspreiding de 
diversiteit van microalgen beïnvloeden. Ik ontdekte dat regionale opwarming de 
turnover van soorten doet toenemen en dat een vermindering van biodiversiteit 
niet per se terug te zien is in een verlies van soorten. Ik merkte veranderingen op 
in de dominantiepatronen van soorten die losstonden van veranderingen in 
soortenrijkdom. Deze resultaten benadrukten het belang van het overwegen van 
zowel lokale en regionale ruimtelijke schalen om een netto effect te zien in de 
verandering van biodiversiteit. Tevens liet het zien dat het analyseren van 
meerdere componenten van biodiversiteit cruciaal is, om zo effectieve 




In hoofdstuk 5 onderzocht ik hoe de initiële samenstelling van  gemeenschappen, 
verspreiding en een mechanische verstoring het functioneren van benthische 
microalgen in een ecosysteem beïnvloeden. Ik stelde vast dat de initiële 
samenstelling van een gemeenschap de reactie van een gemeenschap op de 
verstoring bepaalt en dat verspreiding niet altijd de negatieve effecten van een 
verstoring vermindert. Deze resultaten lieten het belang zien van de identiteit van 
een soort in een gemeenschap versus enkel soortenrijkdom. Tevens lieten ze zien 
dat enkel de verbinding van habitatten geen garantie is voor het behoud van 
biodiversiteit ten tijde van regionale verstoringen. 
Tenslotte, in hoofdstuk 6, gaf ik een samenvatting van de voornaamste bevinden 
van mijn thesis: 
1. Ecosystem engineers bevorderen bentische microalgen, maar de sterkte van 
het effect hangt af van de ruimtelijke schaal. 
2. De interactie tussen de lokale samenstelling van een gemeenschap en 
verspreiding hangt voor biodiversiteit en het functioneren van een 
ecosysteem af van het successiestadium. 
3. Verspreiding laat het functioneren van microalgen in een ecosysteem 
voortduren door dominantie van bacteriën te voorkomen. 
4. Regionale opwarming verhoogt de turnover van soorten, maar het effect is 
enkel zichtbaar wanneer de relevante ruimtelijke schaal wordt overwogen. 
5. Verminderde biodiversiteit, als reactie op opwarming, hoeft niet 
teruggezien te worden in het verlies van soorten. 
6. De initiële samenstelling van een gemeenschap bepaalt het effect van 
verstoring op het functioneren van een ecosysteem. 
7. Verspreiding vermindert negatieve effecten van verstoring op het 




Tenslotte heb ik in deze thesis het belang laten zien van het realistischer maken 
van ecologische experimenten, om zo te zorgen dat de resultaten betrouwbaarder 
geëxtrapoleerd kunnen worden naar reële ecosystemen. Hiervoor heb ik 
experimenten gedaan met benthische microalgen die ik heb blootgesteld aan 
potentiële stressoren van klimaatsverandering en heb ik hun invloed op 
biodiversiteit en het functioneren van ecosystemen vastgelegd. In mijn 
experimenten verschilden de resultaten wat betreft de beschouwde schaal (i.e. 
temporeel, ruimtelijk, componenten van een gemeenschap), de geanalyseerde 
meting van biodiversiteit, en in het bijzonder wat betreft de initiële lokale 
samenstelling van de gemeenschap. Zodoende zal meer realisme in de 
experimentele ecologie leiden tot nieuwe inzichten in de dynamiek van 
gemeenschappen, wat kan helpen bij het beter begrijpen van de reële ecosystemen 
en ons, uiteindelijk, in staat zal brengen om betere adviezen te geven voor 






























And in the end, 
the love you take is equal 
to the love you make. 
- The Beatles (1969) 
 175 
Acknowledgements 
First of all, I would like to thank some of my former professors and mentors, who 
had a substantial influence on my career path that eventually led to the creation of 
this thesis. Mike Brady and Val Rauenzahn, thank you for recruiting me to the 
American University in Washington, D.C. This experience significantly 
influenced my life in so many different ways. Thank you, Chris Tudge – you 
taught the most awesome marine biology and invertebrate classes and let me 
explore the many possibilities of experimental ecology. Thank you to Cathy 
Schaeff, my very first biology professor at the university level. You supported me 
in overcoming the language barrier quickly, inspired me to do experimental work, 
and never got tired of answering all my questions about biology and life in 
general. Nick Pyenson, thank you for facilitating my favorite and most interesting 
internship at the Smithsonian NMNH – it was great. I appreciate all your support 
and deeply admire you. Thank you also to Daniel Fong, who taught my 
introductory ecology course at the American University. You fostered my love 
for the compelling logic of ecological principles and pointed me to the endless 
possibilities of ecological research. 
Secondly, I am grateful for my PhD supervisors Klemens, Birte, and Uli. Thank 
you for your patience and support during all these years. Klemens, you took a 
chance on me, not knowing what you got into. I am happy that I became part of 
your lab and I will forever be appreciative for the many opportunities you 
provided me with. You made me become an independent researcher and taught 
me a lot about good metadata sheets. Thank you also for taking me on so many 
fun trips to Scandinavia! Birte, thank you for trusting in me to take on this project. 
You were always there when I needed support and made my not-so-straight-
forward lifestyle unproblematic. I appreciate that you challenge me to be a better 
scientist. Uli, thank you for all your feedback and support. I am proud to be one 
of your PhD students. 
Thank you to my co-authors: Birte, Klemens, João, Rosyta, Javier, Serena, 
Francisco, Joana, Ola, Lena, Maria, Maria Julia – I appreciate your helpful 




Thank you to all the great people in Groningen, who made my time there 
unforgettable! 
João, I am so happy that you joined our lab in my second year as a PhD student! 
You are one of the most creative people that I have met and your selfless and 
generous character made working with you a great experience. I have learned so 
much from you, not only about being a better PhD student, but also about being a 
good person. I will never forget our struggles on the Schiermonnikoog mudflat, 
fighting the storms, trying to set up the experiment. I will always appreciate that 
you tried to lighten the mood in the office early in the morning on Mondays by 
creating a dance floor in the office. You can always make me laugh. You became 
not only my much-appreciated colleague, but also a very good friend.  
Xênia, you played an immense role in making me feel at home in Groningen. We 
became great friends in such a short time and at least since you spent Christmas 
at my home, you became part of my family. I appreciate all our talks, ordering 
Chinese food, cooking delicious meals, hanging out in your apartment (aka 
“paradise”), and going for a “run” in the morning before work. I am happy that 
we continue to spend so many good times together and deeply appreciate your 
friendship.  
Rosyta, you introduced me to a whole new world of delicious food and our times 
on Schiermonnikoog were some of the most relaxed field work days that I ever 
had. I still can’t believe how good the weather was those days. Kati, our roller 
skate/bike trips were always fun and I enjoyed our good conversations. Our 
common days in Kiel, even though not numerous, were great. Jeroen – I have 
great memories of our “date nights” at the pancake ship and the movies. Your 
jokes are the best! Thank you to João, Rosyta, Hacen, Casey, Isabelle, Karin, 
Chris, David, and Klemens for great times in Sweden and on Schiermonnikoog 
while teaching the next generation of marine biologists. Vania, Andrea, Yacine, 
Anna, Jungko, Leonie, Tom, and Jesse - Thank you for the fun lunch- and coffee 
breaks, for the board game nights, and the many other adventures we experienced 
together. Thank you, Stella, Javier, Luna, Just, Linnéa and all the other students 
for your help in the field and in the lab. Hinke, thank you for your competent 
work and for caring about me as a person as well as a PhD student. Corine, I 
appreciate your help with all matters concerning my PhD and that you always 
made me feel like I matter. Martine, thank you for the nice conversations about 
life and everything in it. A special thank you to Isabelle, who translated the 
summary for me into the beautiful Dutch language. Andrea, João, and Xênia, 
ACKNOWLEDGEMENTS 
177 
thank you so much for helping me with the final steps of preparing the thesis for 
print! And thanks to everybody else of the third floor of the Linnaeusborg for 
always being friendly to me. 
Thank you also to everybody of the Experimental Ecology Department in Kiel, 
who received me with open arms and saw me as part of the group even before I 
physically arrived in Germany:  
Lena, thank you for your friendship and the great conversations (mostly on Skype 
the last couple years) that always made me feel better when I had tough times with 
my experiments. Evangelia, having you as an office mate and becoming friends 
with you was one of the best things from my time in Kiel. I especially appreciated 
our talks and your kindness. Thank you for the always fun and relaxing lunch-
time and after work activities, sleepovers at your apartment, and your company at 
the ESA in Portland. Franzi, thank you for your support and guidance. I have 
always enjoyed our long conversations and I am glad that I could do the 
Benthocosm experiment with you by my side. Thank you, Marco, for stimulating 
talks in the office and all the helpful advice you gave me. Not only did I learn a 
lot from you about food web models, but also about academics and life in general. 
Bente, thank you for always making me laugh! Maysa, Louisa, Giannina, and 
Kriste, thank you for your company and accompanied fun in the office, lab, and 
after work. Steffi and Jamileh, I am thankful for your kindness, guidance, and 
expertise. Thomas, thank you for the competent help with technical and lab 
questions and for always being so friendly. Imke, thank you for your help with 
administrative matters and my travel arrangements. 
 
And of course, none of this work would have been possible without the love and 
support that I receive from my family. Words cannot describe, how grateful I am 
for all of you, but I will try to put it on paper anyway: 
Mama & Papa: Danke für alles, was ihr mir in meinem Leben ermöglicht habt. 
Ohne euch hätte ich es niemals so weit geschafft. Ihr habt mir starke Wurzeln 
gegeben, zu denen ich immer gerne zurückkehren werde. Trotzdem habt ihr mir 
auch viel Freiheit gelassen und mir somit ermöglicht, meinen eigenen Weg zu 
finden. Durch die Sicherheit, die ihr mir gebt, habe ich den Mut neue Dinge 
auszuprobieren. Denn ich weiß, dass ihr immer für mich da sein werdet. Ich bin 




Katha, danke dass du immer für mich da bist. Deine Kreativität und dein 
Perfektionismus sind Eigenschaften, denen ich schon seit unserer Kindheit 
nacheifere. Du bist das beste Rollenvorbild, das eine Schwester sich wünschen 
kann. Lars, danke für deine bedingungslose Freundschaft, die du mir solange ich 
mich erinnern kann gegeben hast. Dich an meiner Seite zu haben spornt mich 
täglich an, noch besser zu werden. Micha, danke für deinen Humor und dass du 
Teil unserer Familie geworden bist.  
Oma & Opa, danke für eure Liebe, die mich immer inspiriert und mir zeigt, was 
wirklich wichtig im Leben ist. Mr. and Mrs. Wilson, I am thankful for your love 
and support and for accepting me into your family with open arms.  
Nina, deine Freundschaft bedeutet mir sehr viel und ich bin dir sehr dankbar, dass 
du immer für mich da bist, egal wo in der Welt ich mich gerade wieder rumtreibe. 
Svenni, du hast mir geholfen, über die Jahre mir selber treu zu bleiben. Danke, 
dass ich immer auf dich zählen kann. Danke Annelie, dass du so eine tolle 
Mitbewohnerin warst und gute Freundin geworden bist. Du hast es immer 
geschafft, dass ich mich nach langen Tagen im Büro zu Hause sofort entspannen 
konnte. Brooke, I will forever cherish your friendship and am thankful to have 
you in my life. You are an example of perseverance and strength.  
And last, but definitely not least: Matthew, thank you for supporting me in 
everything that I do and for encouraging me to pursue my dreams. These last years 
were not easy for us, but with your loyalty, patience, and optimism you gave me 
the strength to continue on this path. I could not have completed this work without 
you and your unconditional love. I am beyond grateful to have you by my side in 







Benthic Ecology, Groningen Institute for Evolutionary Life Sciences 
(GELIFES), University of Groningen, Nijenborgh 7, 9747 AG, Groningen, The 
Netherlands 
Andriana, Rosyta 
Marine Ecology, GELIFES, University of Groningen, Nijenborgh 7, 9747 AG, 
Groningen, The Netherlands 
de Lima Brossi, Maria Julia 
Microbial Eology, GELIFES, University of Groningen, Nijenborgh 7, 9747 AG, 
Groningen, The Netherlands 
Dini-Andreote, Francisco 
Microbial Eology, Netherlands Institute of Ecology (NIOO-KNAW), 
Droevendaalsesteeg 10, 6708 PB, Wageningen, The Netherlands 
Donadi, Serena 
Department of Aquatic Resources, Swedish University of Agricultural Sciences, 
Stångholmsvägen 2, 17893 Drottningholm, Sweden 
Eriksson, Britas Klemens 
Marine Ecology, GELIFES, University of Groningen, Nijenborgh 7, 9747 AG, 
Groningen, The Netherlands 
Gusmao, Joao Bosco 
Millennium Nucleus for Ecology and Sustainable Management of Oceanic 
Islands, Universidad Católica del Norte, Larrondo 1281, 1781421 Coquimbo, 
Chile 
Matthiessen, Birte 
Experimental Ecology – Food Webs, Marine Ecology, GEOMAR Helmholtz 
Centre for Ocean Research, Düsternbrooker Weg 20, 24105 Kiel, Germany 
Salles, Joana Falcao 
Microbial Eology, GELIFES, University of Groningen, Nijenborgh 7, 9747 AG, 
Groningen, The Netherlands 
van Leeuwe, Maria 
Plant Ecophysiology, GELIFES, University of Groningen, Nijenborgh 7, 9747 
AG, Groningen, The Netherlands 
 181 
About the Author 
Friederike G. Engel was born on August 
12, 1987 in Hamburg, Germany. She 
received her B.Sc. in Marine Biology 
from the American University in 
Washington, D.C. in 2011 and her M.Sc. 
in Biological Oceanography from the 
University of Kiel in 2013. In 2014, she 
started her PhD research in Prof. Dr. 
Britas Klemens Eriksson’s Benthic 
Ecology Lab at the University of 
Groningen, financed by an Ubbo Emmius 
scholarship. After two years, in 2015, 
Friederike returned to Kiel to finish her 
thesis at the GEOMAR Helmholtz Centre for Ocean Research in the Experimental 
Ecology group under the supervision of Dr. Birte Matthiessen and Prof. Dr. Ulrich 
Sommer. During her scientific career, Friederike designed and executed numerous 
ecological experiments ranging from microcosm experiments in the lab to field 
experiments on the intertidal flat.  
 
Publications 
Engel, Friederike G., J. Alegria, R. Andriana, S. Donadi, J. B. Gusmao, M. A. van Leeuwe, 
B. Matthiessen, and B. K. Eriksson. 2017. Mussel beds are power stations on intertidal 
flats. Estuarine, Coastal, and Shelf Science 191:21-27. 
Engel, Friederike G., A. M. Lewandowska, S. L. Eggers, and B. Matthiessen. 2017. 
Manipulation of non-random species loss in natural phytoplankton: Qualitative and 
quantitative evaluation of different approaches. Frontiers in Marine Science 4:317. 
Reynolds, P., J. J. Stachowicz, K. Hovel, C. Boström, K. Boyer, M. Cusson, J. S. Eklöf, F. G. 
Engel, A. H. Engelen, B. K. Eriksson, F. J. Fodrie, J. N. Griffin, C. Hereu, M. Hori,T. 
Hanley, M. Ivanov, P. Jorgensen, C. Kruschel, K.-S. Lee, K. McGlathery, P. O. 
Moksnes, M. Nakaoka, M. I. O'Connor, N. O'Connor, R. J. Orth, F. Rossi, J. Ruesink, 
E. Sotka, F.Tomas, R. K. F. Unsworth, M. A. Whalen, J. E. Duffy. 2017. Latitude, 
temperature and habitat complexity predict predation pressure in eelgrass beds across 





























Peace & Love. 
